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Section S1. Gate voltage dependence of TI resistance Section S2. Doping of Gr by TIs Section S3. Effect of spin absorption by TIs Fig. S1 . Gate dependence of TI resistance. indicating their significant n-doping; however, the degree of resistance modulation in BS is about 0.1% ( fig. S1A ), whereas in BSTS it reaches up to ∼ 10% ( fig. S1B,C) . These values are lower bounds because the utilized measurement geometry can show integral behavior of a TI flake, including top and bottom surfaces as well as the bulk, whereas for the spin transport experiments the behavior of bottom surface of TIs is most relevant. The top contacts allow majority transport through the top surface, which might be screened by the bottom surface and bulk from the back gate voltage.
The measured behavior of BS is consistent with its high doping where the abundance of free carriers can suppress the field effect. On the other hand, BSTS has a lower doping, and at lower temperature the bulk conductance is frozen out (23), amplifying the contribution of the surface states ( fig. S1C) . (Fig. 4B,D) . The graphene doping in this device is higher (above 80 V), nevertheless, the reduction of spin signal amplitude is observed, with complete vanishing of the SV signals as the gate voltage is tuned towards graphene Dirac point. (Fig. 3C,E) .
Graphene in the heterostructure region of Gr-BS devices has higher doping (Dirac point ≥ 70 V) compared to the Gr-BSTS devices (Dirac point 0-30 V). Here we discuss this discrepancy in doping, which can be attributed to intrinsic graphene properties or the influence of topological insulators.
In the heterostructures both BS and BSTS are expected to dope graphene since these materials have different work functions: 5.6 eV for BS, 5.15 eV for BSTS and 4.57 eV for graphene (50, 51) . Therefore, in both cases, graphene is expected to receive p-doping, higher in case of Gr-BS heterostructures.
Another important factor is the initial doping of graphene during growth, transfer and fabrication of devices, which is typically inhomogeneous and process-dependent. Measurements of the graphene Dirac point inside and outside of the heterostructure region were used to differentiate between the initial graphene doping and a contribution from TIs. Figure S7 shows such measurements, suggesting that the graphene in proximity to TIs may have received an additional hole doping as its Dirac point is shifted to a higher positive value of the back gate voltage. However, since also the pristine graphene shows different doping values for the two types of heterostructures, the difference of the Dirac point values between the Gr-BS and Gr-BSTS devices is mostly caused by the graphene initial doping rather than TIs. We also want to note that both the Gr-BSTS #1 and Gr-BSTS #2 devices were fabricated using batch-1 of CVD graphene (low doped), whereas both the Gr-BS #1 and Gr-BS #2 devices were made using CVD graphene from batch-2 (highly doped), since batch-1 graphene was finished. These two batches of CVD graphene (obtained from Graphenea) have a different initial doping due to growth and transfer process variations. ( 1) where t T I is the TI thickness, t M L is the thickness of a TI monolayer, R sq is the graphene square resistance, D s is the graphene spin diffusion coefficient, ρ T I is the TI bulk resistivity, λ sT I is the TI spin diffusion length, R I is the interface resistance between graphene and TI and A is the area covered by the TI. Because our TI samples have thickness of tens of nm, which is much greater than the monolayer thickness and its spin diffusion length, equation
(1) can be simplified to
To see the variation of spin absorption with gate voltage, we calculate the spin lifetime due to the spin absorption rate from equation (2), τ s,abs = 1/Γ, as a function of the graphene square resistance R sq . In this way, a high value of square resistance represents the Fermi level positioned at the graphene Dirac point. We use the parameters from our devices, i.e. Fig 2C) and assume a reasonably small λ sT I = 1 nm given the strong TI spin-orbit coupling. Also, we make the approximation that the measured two-dimensional resistivity ρ
2D
T I is related to the bulk TI resistivity by
F is a geometrical factor arising from the contact spacing and TI thickness, and is on the order of 5 (52). Here we consider the absolute worst-case scenario by setting F = 1. Using all these values, the result is plotted in fig. S8 . Clearly, the spin lifetime arising from spin absorption decreases when the graphene square resistance increases. However, the quantitative values overestimate the measured lifetimes by a factor of 10-100. Since the total spin relaxation time is given by 1/τ s = 1/τ s,SOC + 1/τ s,abs , the spin absorption is not expected to have a significant impact on the overall spin lifetime.
Section S3. Effect of spin absorption by TIs . Fig. S8 . Calculated spin lifetime due to spin absorption as a function of the Gr square resistance. Spin lifetime in graphene due to the spin absorption by TI, estimated using equation (2).
